We present the first galaxy scale lens catalog from the second Red-Sequence Cluster Survey. The catalog contains 60 lensing system candidates comprised of Luminous Red Galaxy (LRG) lenses at 0.2 z 0.5 surrounded by blue arcs or apparent multiple images of background sources. The catalog is a valuable complement to previous galaxy galaxy lens catalogs as it samples an intermediate lens redshift range and is composed of bright sources and lenses that allow easy follow-up for detailed analysis. Mass and mass-to-light ratio estimates reveal that the lens galaxies are massive (M ≈5.5×10
INTRODUCTION
Strong gravitational lensing is one of the most powerful tools in observational cosmology. In particular, strong lensing systems in which both lenses and sources are galaxies can provide insights into several current astrophysical and cosmological topics. For example, the configuration of the lensing-induced multiple images and arcs of a background source and their relative fluxes can be used to study the mass profile of lensing galaxies (e.g., Kochanek & Dalal 2004; Gavazzi et al. 2007 ) and its evolution (e.g., Faure et al. 2011; Lagattuta et al. 2010; Treu et al. 2005) , including the measure of galactic substructure (e.g., Vegetti & Koopmans 2009; Keeton & Moustakas 2009 ). On the other hand, the magnification induced by lensing allows for the study of intrinsically faint and distant sources (e.g., Claeskens et al. 2006; Anguita et al. 2009 ; Koester et al. 2010 ; Bayliss et al. 2010 ). Furthermore, statistical samples of strong lensing systems can be used to test cosmological models (e.g., Fedeli et al. 2008; Wambsganss et al. 2008; Schwab et al. 2010) .
In order to carry out these studies, a large number of well-sampled strong lensing systems need to be available. Even though galaxy galaxy lensing is a far more common phenomenon than galaxy quasar lensing, since the first confirmation of an extragalactic gravitational lens by Walsh et al. (1979) , most of the search efforts have been targeted towards the latter. This is mainly because the emission properties of quasars make multiple imaged quasar systems easier to find and to confirm their lens nature. These efforts have resulted in the discovery of more than 100 multiple imaged grav- itationally lensed quasars 1 . Over the last few years, however, with the advent of wide and/or deep imaging and spectroscopic surveys, the number of galaxy galaxy lensing systems discovered have rapidly surpassed the number of galaxy quasar lenses (more than 200 including COSMOS: Faure et al. 2008; Jackson 2008 SLACS: Bolton et al. 2008 , GOODS: Fassnacht et al. 2004 CFHTLS: Ruff et al. 2011 and GEMS: More et al. 2011 . Even when the number counts of lensed galaxies are, and will increasingly be, larger than lensed quasars, galaxy galaxy lensing systems have a few comparative disadvantages regarding individual systems. For example, if searched for in deep space-based imaging surveys (e.g., COSMOS), due to the lower brightness of lensed features, they are considerably harder to follow-up and confirm their nature. On the other hand, when they are searched in spectroscopic surveys (e.g., SLACS), sources are constrained to low redshifts due to the limitations of the spectral range. These "disadvantages" however, are, and will be even more so in the future, effectively dealt with by larger sampling, higher data quality and more efficient search methods.
In this paper, we present the first catalog of galaxy scale lenses in the second Red-Sequence Cluster Survey (RCS2). The RCS2 (Gilbank et al. 2011 ) is a large optical imaging survey optimized to locate and characterize galaxy clusters over the redshift range 0.1 z 1.0 using the cluster red-sequence method (Gladders & Yee 2000) . The survey comprises 820 deg 2 divided into 12 low-extinction patches selected close to the equator (for easy follow-up) and 170 deg 2 from the wide component of CFHTLS divided into 4 patches. All these patches were observed with the Canada-France-Hawaii Telescope (CFHT) MegaPrime Camera (MegaCam) in the g ′ , r ′ and z ′ filters to a depth of 24.4, 24.3, and 22.8 mag, respectively (5σ detections). The MegaCam is composed by a mosaic of 16 CCDs of 4612×2048 pixels each, with a scale of 0".18 pixel −1 , yielding a field of view of ∼1 deg 2 .
The paper is organized as follows. We describe our lens search method in Section 2. The properties of the lens catalog are presented in Section 3. In Section 4 we show preliminary results involving lensing mass measurements and mass-to-light ratio evolution and we finish with a summary and discussion in Section 5. For this work, we have assumed a concordance ΛCDM cosmology with Ω M =0.3, Ω Λ =0.7, and H 0 =70 km s −1 Mpc −1 , unless otherwise stated. Gilbank et al. (2011) have created a photometric catalog containing 120 million sources detected in the RCS2 survey. Approximately 87 million of these objects are classified as galaxies, ∼8.5 million as stars, and the remaining are either saturated stars, cosmic rays or CCD defects (see Gilbank et al. 2011 for details of the survey, data reduction, photometry, and classification). As we are interested in selecting galaxy scale lenses, our search is oriented to arcs or multiple images around objects classified as galaxies in the photometric catalog. However, since it is unrealistic to visually inspect 87 million galaxies, an automated filtering of candidates was done.
THE SEARCH METHOD
Gravitational lensing is a geometric phenomenon whose effectiveness depends on the relative line of sight distances and the projected observed distances (alignment) between the observer, the lens, and the source, as well as the mass of lens. Thus, regarding the properties of lensing galaxies, ideal lens candidates would be very massive early-type galaxies or Luminous Red Galaxies (LRGs). Therefore, we begin by searching for LRGs as potential candidates within the fields of the RCS2 survey given the information available.
SDSS-RCS2 common LRGs
In a first stage, we have cross-matched all the spectroscopically confirmed LRGs from the Data Release 7 of Sloan Digital Sky Survey (SDSS DR7) in RCS2 fields (see Figure 1) , yielding a catalog of 2462 common LRGs with spectroscopic information (hereafter SDSS LRGs). By scaling and subtracting 12 arcsec side length cut-out images in the g ′ and z ′ bands of each of the 2462 SDSS LRGs, we eliminated the central galaxy emission while Figure 2 . Strong lensing system candidates whose lensing galaxy is a spectroscopically confirmed Luminous Red Galaxy from the SDSS (SDSS LRGs). The 12 arcsec side length color-composite images were created using the CFHT g ′ ,r ′ and z ′ RCS2 imaging.
features which do not have the same color of the central galaxy remained. We then searched for bluer multiple images and/or strongly distorted arcs among the remaining features. The cut-out images were selected to be of 12 arcsec side length to limit the mass of our candidate lenses to be of galaxy scale (<6 arcsec Einstein radius for a lens at z l =0.3 implies a lens mass within the Einstein radius 1×10 13 M ⊙ ). With a "fast point and click" routine, the 2462 systems were identified as either a lens candidate, or definitely not a lens, further reducing our sample to ∼100 candidate systems. Similarly to what was done by Hennawi et al. (2008) during this first inspection the ∼100 lens candidates were graded according to the following scheme from more likely to less likely:
• 1: Secure lens: Typical lens configuration, multiple (≥3) discernible images around the candidate LRG.
• 2: Likely lens: Two images or strongly distorted blue arc around the candidate LRG.
• 3: Less likely lens: Single arc and/or faint blue feature close to the LRG.
We then examined in detail all ∼100 candidates using g ′ , r ′ , z ′ color composite images and further narrowed down the sample to 12 candidate lensing systems (see Table 1 and Figure 2 ). All of the systems originally graded with 1, most of the systems graded with 2 and a minority of the systems graded with 3 were finally selected.
RCS2 LRGs
The next stage was to search for galaxy scale lenses in all of the RCS2, regardless of common areas with SDSS. As before, to narrow down the search, we selected LRGs as candidate lensing galaxies using the photometric information available. Using the RCS2 catalog, we studied the color-magnitude diagram of the 2462 SDSS LRGs using the RCS2 photometry (see Figure 3 ). We selected all RCS2 galaxies at the color-magnitude locus defined by
where g ′ − r ′ is the average g ′ − r ′ color per 0.25 mag bin of the SDSS LRGs and σ g−r is the standard deviation of the average. Even though the fields surveyed by RCS2 are low-extinction patches in the sky, we have corrected the magnitude values for galactic extinction using the maps of Schlegel et al. (1998) prior to the selection. This first step, yielded a catalog of ∼70,000 color-selected Table 1 Strong Lensing System Candidates whose Lensing Galaxy is a Spectroscopically Confirmed Luminous Red Galaxy from the SDSS. 
Notes. The SDSS spectroscopic redshift of the lens, with a typical uncertainty of δz=0.001. Shown magnitudes are from the RCS2 photometric catalog; extinction corrected. The mass and mass-to-light ratio estimates are obtained as described in Section 4, assuming a source redshift of zs=1.28 as a central value with a 0.8< zs <2.0 confidence interval. The last column shows the grade assigned to the system on first inspection. LRGs 2 . In a second step, we automatically searched for blue neighbors around each pre-selected LRG. This was done by a simple symmetrization which consisted of subtracting from a g ′ -band stamp image of each galaxy the same stamp image rotated by 180 deg, leaving only the nonsymmetric emission within the stamp. The residuals of this subtraction were automatically scanned and those with significant emission (> 4σ) were selected as more likely lens candidates. As before, the stamp images were selected to be of 12 arcsec side length. This second step reduced the objects in our catalog to ∼12,000 candidates 2 It is important to note, that even when throughout this paper these selected galaxies are referred to as "candidate LRGs", the catalog should not be considered a complete and thorough LRG sample: the LRGs have only been used as a proxy to search for massive high-redshift lens galaxies (hence the higher cut toward the red part of the color-magnitude diagram and the weak brightness constraint).
which were visually inspected with fast "point and click" routines. Approximately 500 systems were found to be possible lenses and graded with the same grading scheme as with the SDSS LRGs. Again, composite color images were created for the ∼500 candidates and inspected in detail. This final selection added 48 candidate lensing systems to our catalog (see Table 2 and Figure 4) . We additionally recovered 4 out of the 12 candidate lenses from the SDSS LRGs lens catalog (due to the nature of the automatic part of our search only the brightest nonsymmetric systems were recovered).
Photometric redshifts
One important difference between the spectroscopically selected LRG candidate lenses and the photometrically selected LRG candidate lenses is that no precise redshift measurements are available for the latter. Even though three-band data would give very unreliable photometric redshifts for a random galaxy, since our candidate lenses are all photometric candidate LRGs, the spectral template used for the redshift estimation can be constrained to be that of an LRG. We have used the SDSS photometric redshift IDL routines kphotoz 3 (Blanton & Roweis 2007) coupled to the extinctioncorrected RCS2 g ′ , r ′ and z ′ band data of our candidate LRGs, to estimate their redshift.
To test the accuracy of our photometric redshift measurements, we compare the redshifts obtained using the RCS2 g ′ , r ′ and z ′ band data available for the 2462 SDSS LRGs with their measured spectroscopic redshifts (see Fig. 5 ). Taking into account a small template shift of δz phot =0.02, the average dispersion of the photometric redshifts is δz=0.052. It is important to note the following caveat: this dispersion value is valid for the three-band photometric redshifts of spectroscopically confirmed LRGs. If there are RCS2 galaxies that, even though in the color-magnitude locus of the SDSS LRGs, are not in fact LRGs, they will have an incorrect photo-3 IDL routines can be found at http://howdy.physics.nyu.edu/index.php/Kcorrect metric redshift estimation.
THE CATALOG
The complete catalog contains a total number of 60 strong lensing system candidates over a redshift range 0.2 z 0.5, 12 systems with spectroscopically confirmed LRG lenses and 48 with photometric LRG candidate lenses. Their RCS2 photometry, lens redshifts, and coordinates are shown in Tables 1 and 2 , while composite g ′ , r ′ and z ′ -band color images are displayed in Figures  2 and 4 .
The properties of the RCS2 survey and the lens selection method have as a consequence some remarkable differences and advantages in comparison with other large galaxy galaxy lens samples:
• Bright high-redshift lenses: All lenses in the catalog are either spectroscopically confirmed or photometric candidate Luminous Red Galaxies. This naturally results in bright lens galaxies that can reach high redshifts. In particular, the combination of the relatively shallow but wide photometric data from RCS2 and the selection of LRGs as deflectors, place the mean lens redshift of the sample in a currently under-sampled range. Figure 6 shows a comparison of the lens redshift distribution of different galaxy scale lens samples: SLACS (Bolton et al. 2008) , on the lower redshift end with a median redshift of z=0.16, and COSMOS (Faure et al. 2008 ), on the higher redshift end with a median redshift of z=0.71. The RCS2 galaxy scale lens sample has a median redshift of z=0.34. Thus, this sample will allow us to fill the current gap of galaxy evolution studies through gravitational lensing.
• High-redshift sources: The higher redshift of the lens candidates coupled with the photometric selection of the arcs (high g ′ -band brightness) does not constrain the redshift of the sources to low redshift, allowing source redshifts up to z ∼3.5 (g ′ band central wavelength=4872Å). Harnessing the power of lensing as a natural telescope, this allows the study of star forming galaxies at redshifts >1.0.
• Bright arcs: As mentioned before, the imaging of the RCS2 survey, in particular the g ′ -band imaging, has been carried out using short exposures on a 3.6 m telescope. Since the distorted arcs were selected visually by searching for bright features in this band, most arcs have high surface brightnesses, allowing easy ground and space-based follow-up observations.
• No cluster galaxy bias: The lens candidates have been blindly selected over large areas based on their individual photometric and/or spectroscopic properties. Thus, to a first approximation there is no bias toward cluster galaxies in the sample in the selection process, making the sample homogeneous by construction (note however, that LRGs in general are likely to be found in cluster environments e.g., Deng et al. 2009; Sánchez et al. 2009 ).
• Environment : Since the candidates were selected from the RCS2 fields, extensive photometric information on their surroundings is available and any clusters and/or large galaxy groups in their environments will be identified and characterized (paper in preparation). This, coupled with the "no bias" property, will allow us to contribute to the controversy of the relationship between lens and cluster galaxies (e.g., Faure et al. 2009 ).
MASS AND MASS-TO-LIGHT RATIOS
The photometric data currently available do not allow the identification of distinct features in the strongly lensed arcs which would easily allow proper lens models of the systems to be constructed. However, a good approximation for the Einstein radii of gravitational lenses is given by half of the distance between opposite multiple images, or by the arc radii when no counter images are evident. The median measured Einstein radius of the systems in the catalog is of 2.5 arcsec. Projected to the lens planes, the median Einstein radius of the sample is of 11.5 kpc (see Figure 7 for the Einstein radii distributions).
Motivated by the results shown by Gavazzi et al. (2007) , who show that isothermal profiles are generally a sensible choice for galaxy lens mass distributions, we assume Singular Isothermal Sphere (SIS) profiles for the lenses in our catalog. The three dimensional mass enclosed within a certain radius assuming an SIS profile is obtained simply through (e.g., Schneider et al. 2006 )
where the SIS velocity dispersion,
can be directly measured from the lensing geometry. θ E is the Einstein radius (as measured from the arc radius or multiple images separation) and D L , D S and D LS are the cosmological angular diameter distances between the observer and the lens, the observer and the source, and the lens and the source, respectively. Obtaining accurate photometric redshift measurements for the sources in the catalog is not possible with the current data set. Even when the sources are bright, they are significantly fainter (∼2 mag) than the very close lens galaxies in the sample precluding any sensible flux measurements. Additionally, and also due to the small distance between the lenses and the sources, photometric spectral energy distributions for the sources would be significantly biased due to the unknown extinction produced by the lensing galaxies. Thus, with the current data set we need to assume a most likely value for the sources' redshifts based on the underlying lensed galaxy distribution, independent of the individual photometric information. This value has been drawn from the models shown by Bayliss et al. (2011) , which show the probability distributions for lensed sources in wide surveys. Selecting a 68% confidence interval for a survey depth of g=25 (dashed-line distribution shown in Figure  2 of Bayliss et al. 2011) , we obtain an estimated redshift Notes. The redshift column shows the photometric redshift obtained as described in the text. The mean error on the photometric redshift estimates is δz=0.052. Shown magnitudes are from the RCS2 photometric catalog; extinction corrected. The mass and mass-to-light ratio estimates are obtained as described in the text, assuming a source redshift of zs=1.28 as a central value with a 0.8<zs<2.0 confidence interval. The last column shows the grade assigned to the system on first inspection.
range of 0.8<z s <2.0 with a most likely value of z s =1.28.
Using these values and the measured Einstein radii of the systems in the catalog, we estimated the Einstein radii enclosed three dimensional SIS masses for the lenses (using R = θ E D L in Equation (3)). These values range between 1.0×10
, with a Figure 4 . Lensing system candidates whose lensing galaxy is a photometrically selected Luminous Red Galaxy from the RCS2. The 12 arcsec side length color-composite images are created using the CFHT g ′ , r ′ and z ′ RCS2 imaging.
median enclosed mass of M=5.5×10 11 M ⊙ h −1 . Coupling the enclosed masses with the RCS2 photometry of the lenses (and their redshifts [spectroscopic or photometric]) we obtain an estimate of the mass-to-light ratio of our sample, ranging from (Figure 8 and Tables 1 and 2 show 
SUMMARY AND DISCUSSION
We have searched for galaxy scale lenses in the 820 deg 2 imaging from the RCS2 survey. We pre-selected LRGs as candidate lensing galaxies and searched for blue neighbors (arcs and/or multiple images) within 6 arcsec of the LRGs. The LRGs with neighbors were visually inspected taking advantage of the three-band imaging of the RCS2. The search yielded 60 candidate strong lensing systems with lens redshifts between 0.2 z 0.5, sampling a generally under-sampled redshift space for strong galaxy scale lensing. Due to the properties of the RCS2 survey and the search method the candidate lensing systems have some remarkable properties including high brightness of both lenses and sources, sources up to redshift ∼3.5 and no bias toward cluster galaxies. These properties will allow an accurate measurement of the evolution of the bright and dark mass profiles of LRGs as well as detailed morphological studies of the background sources via source reconstructions techniques.
We have estimated the lensing mass enclosed within the Einstein radii of our candidates as a means to estimate the evolution of the mass-to-light ratio of LRGs. Previous studies have only shown weak evolution of the dark matter fraction with redshift ( . Redshift distribution of the RCS2 galaxy scale lenses compared to SLACS (Bolton et al. 2008 ) and COSMOS lenses (Faure et al. 2008). 2011), in agreement (within the errors) with our findings. However, the mass resolution attainable with the current information, does not permit significant constraints on the evolution, with no evolution also being consistent within the uncertainties. Significant improvements will be seen with follow-up spectroscopy and high resolution imaging which will confirm the nature of the candidate systems and allow robust lens mass modeling.
Searching for strong lenses by means of visual inspection is not a new technique (e.g., Fassnacht et al. 2004; Faure et al. 2008; Jackson 2008) , and has had so far higher success rate than fully automatic algorithms (e.g., Seidel & Bartelmann 2007; Alard 2006) . However, the method has two important drawbacks: first, it is limited to relatively shallow and/or narrow surveys where of the order of thousands of systems can be visually inspected and second, even though possible, it is hard to draw a quantifiable selection bias, hurting the lens num- ber statistics and, thus, the use of lens counts to constrain cosmological parameters (e.g., Wambsganss et al. 2008; Fedeli et al. 2008; Hilbert et al. 2009 ). In the near future, with deep all-sky extragalactic surveys such as LSST, it is unrealistic to be able to create statically sound lens samples based on visual selection. It is therefore desirable that the lensing community moves toward fully algorithmic lens search methods to take full advantage of these huge data sets with detailed testing of incompleteness effects. Nevertheless, with current galaxy galaxy lens number counts, these (smaller volume) visually selected catalogs, are still relevant and an important source of new lens systems. Additionally, due to their high efficiency, visually selected samples serve as benchmarks and constraints to improve and calibrate automatic selection algorithms.
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